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age 6
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aBehavioural Science Institute, Radboud University, Nijmegen, The Netherlands; bDepartment of Cognitive Neuroscience, Donders Institute
for Brain, Cognition and Behaviour, Radboud University Medical Center, Nijmegen, The Netherlands
ABSTRACT
Individuals differ in their physiological and behavioral stress responses. Alterations in these responses
have been associated with mental and physical health. Therefore, it is important to understand how
stress responses develop. This study investigated whether in a healthy, non-risk population, 6-year-old’s
physiological (cortisol) and behavioral (gazing) stress responses were associated with stress early in the
child’s life, in the form of maternal prenatal and early postnatal distress. Additionally, associations
between the two stress responses were studied. At age 6, children (n¼ 149; Mage ¼ 6.09; 70 girls) in a
longitudinal project that started prenatally (n¼ 193), participated in a social evaluative stress test
(Children’s Reactions to Evaluation Stress Test, CREST) in front of a judge. To operationalize physio-
logical stress responses six cortisol saliva samples were collected and cortisol stress reactivity and total
stress cortisol scores were calculated. To operationalize behavioral stress responses, gazing at the judge
during the stress test was observed. Maternal prenatal distress (week 37) was measured using question-
naires and physiological measures, that is, cortisol saliva samples. Early postnatal maternal distress (first
6months) was measured using questionnaires. Results of hierarchical regression analyses indicated that
less maternal prenatal fear of giving birth, higher maternal prenatal evening cortisol concentrations,
and more maternal feelings of anxiety in the first 6 postnatal months were all uniquely associated with
higher total stress cortisol concentrations in children at age 6. Additionally, correlations indicated that
children with higher cortisol stress reactivity gazed less in the direction of the judge. Results indicate
that maternal prenatal and early postnatal distress are associated with children’s later hypothalamic-
pituitary-adrenal-axis functioning and that in children gazing and physiological stress reactivity are
related.
LAY SUMMARY
We examined whether maternal stress and anxiety during pregnancy, as measured by means of mater-
nal self-reports and saliva cortisol samples, as well as maternal stress and anxiety in the first 6months
of the child’s life, measured using maternal self-reports, were associated with children’s physiological
(cortisol) and behavioral (gazing) responses during a stressful laboratory situation at the age of 6.
Results showed that mothers with higher levels of distress in late pregnancy and/or the early postnatal
period had children with higher cortisol concentrations during the stressful situation. This suggests
that maternal prenatal and early postnatal distress are associated with children’s later hypothalamic-
pituitary-adrenal-axis functioning.
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1. Introduction
In stressful or threatening situations individuals often
respond at a hormonal and behavioral level. To mobilize
energy, the hypothalamic-pituitary-adrenal (HPA) axis
can become activated, producing its primary hormonal
end-product cortisol. Behaviorally, gazing, that is, looking
away from a stressor to reduce stress or towards a stressor as
a form of vigilance, may facilitate dealing with the situation
by avoiding or focusing on the stressor. Indeed, visual per-
ception becomes more global, less detail focused, during
threat (Lojowska, Gladwin, Hermans, & Roelofs, 2015) and
vigilance adjusts (Wilson & MacLeod, 2003), directing gazing
behavior towards the stressor. However, individuals differ in
these responses and alterations are associated with mental
and physical health (e.g. Buske-Kirschbaum et al., 2003;
Wilson & MacLeod, 2003), making it important to understand
their origin. This study in a healthy, low-risk population,
examined the link between stress early in life, in the form of
maternal prenatal and early postnatal distress (i.e. stress and
anxiety), and children’s cortisol and gazing responses to a
stressor. Associations between both responses were
also examined.
Prenatal maternal distress can shape the uterine environ-
ment (e.g. Beijers, Buitelaar, & de Weerth, 2014) and thereby
the offspring’s stress system. These “programing” effects may
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be long-term or permanent (e.g. Seckl & Meaney, 2004).
However, previous studies on associations between maternal
prenatal distress and child cortisol stress responses rendered
contradictory results (e.g. Zijlmans, Riksen-Walraven, & de
Weerth, 2015). For example, higher maternal prenatal fear of
bearing a handicapped child was associated with higher cor-
tisol responses to a bathing session in 5-week-olds, and lower
cortisol responses in 2- and 12-month-olds towards a vaccin-
ation and maternal separation, respectively (Tollenaar, Beijers,
Jansen, Riksen-Walraven, & de Weerth, 2011). In another
study, higher perceived maternal prenatal distress (including
stress and anxiety) was associated with higher cortisol
reactivity to a heel-stick in newborns and to a toy removal
task in 10-month-olds (Leung et al., 2010). With respect to
gazing behavior, maternal prenatal family stress was posi-
tively associated with the infant looking away during peek-a-
boo (Lin, Crnic, Luecken, & Gonzales, 2014).
The postnatal environment is also thought to program the
offspring’s development. Postnatal maternal distress may
lead to lower quality care (Anthony et al., 2005; Guajardo,
Snyder, & Petersen, 2009) which may be stressful for children,
affecting their developing stress system, threat appraisal, and
behavioral regulation system (Loman & Gunnar, 2010). In line
with this, mothers with an anxiety disorder were less sensi-
tive and more intrusive, and had 9-month-olds with higher
cortisol responses than controls (Feldman et al., 2009).
Moreover, studies including both prenatal and postnatal
maternal distress showed that after controlling for prenatal
maternal distress, maternal early postnatal stress and anxiety
were related to children’s diurnal cortisol decline, steeper
and flatter, respectively, between ages 1 and 6 (Simons,
Beijers, Cillessen, & de Weerth, 2015) and more maternal
early postnatal stress was related to less child cortisol reactiv-
ity during a maternal separation procedure at 12months
(Tollenaar, Beijers, Jansen, Riksen-Walraven, & de Weerth,
2011). Research on associations between early postnatal
maternal distress and child gazing is limited.
Findings on associations between cortisol and gazing
stress responses are scarce and mixed. In university students,
increased cortisol during a stressful interview was positively
associated with eye contact with interviewers (Sgoifo et al.,
2003). However, in 6– to 17-year-olds, higher cortisol reactiv-
ity during a social challenge (i.e. interview, singing, silent and
oral reading) was associated with less gazing towards the
interaction partner (Hessl, Glaser, Dyer-Friedman, & Reiss,
2006). In 10-year-olds, no direct link between cortisol reactiv-
ity during a social challenge (including public speaking and a
mental arithmetic task) and gazing towards the two evaluat-
ing judges was found (de Veld, Riksen-Walraven, & de
Weerth, 2014).
Despite the lack of literature on cortisol and gaze
responses, several authors have looked into links between
cortisol and the broader construct of behavioral self-regula-
tion, of which gazing can be seen as an aspect
(Neuenschwander & Blair, 2017; Posner & Rothbart, 2000). For
example, Blair, Granger, and Peters Razza (2005) found that
in 4 to 5 year olds more self-regulation was associated with a
moderate increase in cortisol followed by a down regulation
in response to an assessment session including measures of
receptive vocabulary, attention-shifting, and letter know-
ledge. Ursache, Blair, Granger, Voegtline, and Family Life
Project Investigators (2014) found that in 7-month olds facing
a frustration eliciting task, cortisol reactivity was associated
with high levels of negative behavioral reactivity and in 15
and 24month olds this was the case during a fear-eliciting
task. Blair et al. (2008) described that more cortisol reactivity
and regulation were associated with more negative emotion-
ality in toddlers during an emotion arousing task. However,
gaze is a very specific way of regulating behavior and little is
known so far about its association with cortisol.
Since the described results do not provide a clear picture,
the first goal of this study was to investigate associations
between prenatal (week 37) and early postnatal (first
6months) maternal distress and 6-year-old’s cortisol and gaz-
ing responses to a social evaluative stressor. The second goal
was to explore associations between both stress responses.
2. Methods
2.1. Participants
The data for this study were collected in an ongoing longitu-
dinal project on the psychobiology of child development
(BIBO project; Radboud University). Healthy mothers and their
children are followed since late pregnancy. All mothers gave
written informed consent; the study was approved by the
Institutional Ethical Committee following the Helsinki
Declaration (ECG 300107 and ECG 22111/130112). The project
began with 220 mother–child dyads, 193 were still in the
project when the child was 3months old (for details, see
Beijers et al., 2011). At child age 6, 188 mother–child dyads
were still in the project and were invited to participate in the
6-year data collection. Of this group, 149 children partici-
pated in a school visit that included a social evaluative stress
test for which parents gave written informed consent (Mage
¼ 6.09; SD ¼ 0.14; Min ¼ 5.87, Max ¼ 6.85; 70 girls). Reasons
for non-participation were: a preference of the school or child
not to participate (n¼ 4), relocation of the family abroad
(n¼ 3), or other reasons (e.g. parents saw the procedure as
too challenging for their child, considered the project as too
demanding, or had personal motives, n¼ 32). Of the invited
188 children, the 39 who did not participate did not differ
significantly from the participating 149 children in maternal
age at delivery, maternal educational level during pregnancy,
child gender, child temperament at age 4 (Children’s
Behavior Questionnaire short form; Putnam & Rothbart,
2006), maternal prenatal distress variables and maternal early
postnatal anxiety, all p’s > .05. However, mothers of children
that dropped out showed lower scores on early postnatal
stress (M¼ 0.98, SD ¼ 0.32) than mothers of children that
participated in the stress test (M¼ 1.15, SD ¼ 0.38), p .01.
The current study used data collected prenatally (late preg-
nancy; week 37) and when the children were 3months,
6months, and 6 years old.
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2.2. Procedure
2.2.1. Maternal prenatal distress
In late pregnancy, around the 37th week of pregnancy,
mothers were asked to complete questionnaires regarding
their feelings of general and pregnancy-specific stress (gen-
eral: Alledaagse Problemen Lijst (Vingerhoets, Jeninga, &
Menges, 1989); specific: Pregnancy Experience Scale (DiPietro,
Ghera, Costigan, & Hawkins, 2004)) and anxiety (general: state
subscale of the State-Trait Anxiety Inventory (Spielberger,
1983; van der Ploeg, Defares, & Spielberger, 1981); specific:
two subscales of the Pregnancy-specific Anxiety
Questionnaire-Revised (Huizink, Mulder, Robles de Medina,
Visser, & Buitelaar, 2004)). They also were asked to collect
diurnal saliva samples to determine their cortisol circa-
dian rhythm.
2.2.2. Maternal early postnatal distress
When their child was 3 and 6months old, mothers were
asked to complete questionnaires about their feelings of gen-
eral stress (Alledaagse Problemen Lijst; Vingerhoets et al.,
1989) and anxiety (state subscale of the State-Trait Anxiety
Inventory; Spielberger, 1983; van der Ploeg et al., 1981).
2.2.3. Child stress responses at age 6
When children were 6 years old, families were invited to let
their child participate in a social evaluative stress test during
a school visit. After agreement, the researchers visited the
child’s school with a mobile laboratory. In 8 of the 149 cases,
the researchers visited the child at home with the mobile
lab. All visits took place in the afternoon of a regular school
day and started between 12:15 and 15:15 h. The visits began
with the Children’s Reactions to Evaluation Stress Test
(CREST; de Weerth, Zijlmans, Mack, & Beijers, 2013). This
innovative, age-appropriate stress test has been shown to
effectively trigger an increase in cortisol concentrations in
this age group (de Weerth et al., 2013; Simons, Cillessen, &
de Weerth, 2017a, 2017b). During this test the child carried
out three forced-failure tasks containing elements of unpre-
dictability and uncontrollability in front of a judge. In the first
task (restrained movement task; 1min) children were asked
to stand as still as possible, with an alarm clicked on their
clothes. They were told that the alarm would beep if they
moved. During the task the alarm went off twice on preprog-
rammed times independently of children’s actual movement.
In the second task (animal story task; 3min) children listened
to a recorded story about animals and were asked to fill in
eight gaps in the story by making the sound of the animal
just mentioned in the story. In this task children were told
they would receive visual feedback from the judge (a green
card) if they performed the sound perfectly. However, the
judge showed the green card in only three of the eight
sounds, irrespective of the child’s actual performance. In the
third task (tower of cans task; 3min) children were asked to
build a tower of horizontally lying cans which was impossible
to do, but were told that peers considered this to be easy
(for details, see de Weerth et al., 2013). After the three tasks,
the judge left the room for 5min to “evaluate” the child’s
performance. The total stress test procedure took 20min
(15min for the three tasks, 5min anticipation of the judge’s
evaluation). After the stress test, the judge told the child that
he/she had performed perfectly well, the child was rewarded
with a present, and a thorough debriefing took place. This
was followed by a 25-min recovery phase and another
25min of tasks that were not within the scope of this paper,
including a prosocial behavior task, (analyzed and described
in Beijers, Cassidy, Lustermans, & de Weerth, 2018), a memory
task, and three executive functioning/self-regulation tasks
(not yet described nor analyzed elsewhere). The entire pro-
cedure was guided by a trained researcher, the experimenter,
who helped with saliva sampling, other tasks, and supported
the child when necessary during the CREST.
2.3. Measures
2.3.1. Maternal prenatal and early postnatal distress
2.3.1.1. Pregnancy-specific anxiety. Prenatally, two sub-
scales of the Pregnancy-specific Anxiety Questionnaire-
Revised (PRAQ-R; Huizink et al., 2004) were used to measure
pregnancy-specifix anxiety. The subscales measured fear of
giving birth (three items) and fear of bearing a handicapped
child (four items) using a 5-point scale. Cronbach’s a was
0.73 and 0.82, respectively. Higher scores indicated higher
levels of maternal pregnancy-specific anxiety.
2.3.1.2. Pregnancy-specific stress. Prenatally, the Pregnancy
Experience Scale (PES; DiPietro et al., 2004) was used to
measure pregnancy-specific stress. Each of the 43 items in
this questionnaire described a pregnancy-specific experience.
Mothers rated on a 4-point scale to what degree each item
resulted in a positive and a negative experience. Cronbach’s
a was 0.87 for positive ratings and 0.87 for negative ratings.
To derive a score for the experienced negative emotional
valence towards pregnancy, the sum of the negative ratings
was divided by sum of the positive ratings. Hence, higher
scores indicated a more negative emotional valence towards
pregnancy that is, more pregnancy-specific daily hassles
or stress.
2.3.1.3. General anxiety. Prenatally, and when children were
3 and 6months old, maternal feelings of general anxiety
were assessed using the state subscale of the State-Trait
Anxiety Inventory (STAI; Spielberger, 1983; van der Ploeg
et al., 1981). This scale consists of 20-items answered on a 4-
point scale. Higher scores indicated higher levels of maternal
state anxiety. Cronbach’s a ranged from 0.90 to 0.93. To
operationalize maternal postnatal anxiety in the first 6 post-
natal months the average of the 3 and 6 month scores
(Spearman’s rho¼ 0.55, p .01) was computed. This question-
naire was also used when the child was 6 years old (see
Section 2.3.3).
2.3.1.4. General stress. Prenatally, and when children were 3
and 6months old, a Dutch questionnaire (Alledaagse
Problemen Lijst; APL; Vingerhoets et al., 1989; test–retest
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reliabilities 0.76–0.87) was used to measure maternal stress.
This questionnaire has 49 items describing daily hassles.
Mothers indicated whether each item had occurred in the
last two months, and, if so, rated how much it had bothered
them using a 4-point scale. To derive a mean intensity rating
the sum of the ratings given was divided by the number of
occurred events. Higher sores thereby indicated higher levels
of experienced negativity due to daily hassles, indicating
more stress. Early maternal postnatal stress (first 6months)
was operationalized as the average of the 3 and 6month
scores (Spearman’s rho¼ 0.57, p .01).
2.3.1.5. Cortisol. During pregnancy, mothers were asked to
collect diurnal saliva samples on two consecutive days at
awakening (T1), 30min after awakening (T2), at 12:00 h (T3),
16:00 h (T4), and 21:00 h (T5). Samples were collected by pas-
sive drooling and stored in a freezer (–25 C). Subsequent
cortisol analyses were carried out at the Laboratory of
Endocrinology of the University Medical Center Utrecht (see,
for details, Simons et al., 2015; Simons et al., 2017b). The fol-
lowing rules were used to define whether samples were col-
lected on time/within the range of required sampling times:
C1 between 6:00 and 10:00 and within 15min after awaken-
ing, C2 between 25 and 35min after awakening, C3 between
11:30 and 13:30, C4 between 15:30 and 17:30, and C5
between 20:00 and 23:00 (Beijers, Jansen, Riksen-Walraven, &
de Weerth, 2010; Simons et al., 2015). Fluctuations in cortisol
concentrations were diminished by excluding samples (5.7%)
that were collected outside the range of required sampling
times as well as samples collected during or after the day of
delivery (Beijers et al., 2010). Mean concentrations over the
two days were calculated (Beijers et al., 2010). To operational-
ize maternal physiological distress, diurnal cortisol decline (T1
minus T5) and evening cortisol (T5) were calculated. These
measures were consistent with earlier research using the
same sample (Beijers et al., 2010) in which they were found
to be predictors of child outcomes and to correlate highly
with other prenatal maternal cortisol measures (total amount
of diurnal cortisol, morning cortisol concentrations, and corti-
sol awakening response). Higher scores on diurnal cortisol
decline represented a steeper diurnal decline in cortisol
concentrations.
2.3.2. Child stress responses
2.3.2.1. Physiological stress responses: cortisol responses.
At child age 6, six saliva samples (C1–C6) were collected from
the child during the stress test procedure to determine base-
line, response, and recovery cortisol concentrations. Samples
were collected by the experimenter. To control for potential
effects of illness on cortisol concentrations the stress test pro-
cedure was rescheduled if children were ill. As in the original
CREST, samples representing baseline cortisol concentrations
(C1 and C2) were collected immediately before the CREST
started (C1) and 15min after test onset (C2; de Weerth et al.,
2013). Because physical activity and eating can affect cortisol
concentrations (e.g. Dickerson & Kemeny, 2004; Nicolson,
2007), children were asked not to eat, drink, or be physically
active 30min prior to the test. Samples representing cortisol
concentrations in response to the stressor (C3 and C4) were
obtained 25 and 35min after test onset. Samples represent-
ing cortisol concentrations during a recovery period (C5 and
C6) were obtained 50 and 58min after test onset. All saliva
samples were collected using eye sponges (BD Visispeare,
Waltham, MA; de Weerth, Jansen, Vos, Maitimu, & Lentjes,
2007). Centrifuged samples were stored at –25 C and ana-
lyzed in the Laboratory of Endocrinology of the University
Medical Center Utrecht (see, for details, Simons et al.,
2015, 2017b).
Cortisol concentrations of 4 of the 149 children were
excluded from all analyses because the children used medica-
tion that could affect their cortisol concentrations (n¼ 3) or
because the child visited the restroom between sample C1
and C2, shifting the timing of the saliva samples from the
standard sampling times in the protocol (n¼ 1). A paired
samples t-test indicated that the stress test induced a signifi-
cant increase in cortisol from the lowest baseline concentra-
tions (lowest of baseline sample C1 and C2; M¼ 6.06 nmol/L,
SD ¼ 2.70) to the highest peak response concentrations
(highest cortisol concentrations in response to the stressor:
highest of sample C3 and C4; M¼ 7.12 nmol/L, SD ¼ 3.79),
t(141) ¼ –4.41, p .01, Cohen’s d¼ 0.37 (see Simons et al.,
2017a, 2017b, for a figure representing mean scores and
standard errors for each of the six sampling moments). Two
indices of the cortisol stress response were calculated. Total
stress cortisol was calculated as the area under the curve
across all six samples: AUC ¼ (C2þC1)  15/2 þ (C3þC2) 
10/2 þ (C4þC3)  10/2 þ (C5þC4)  15/2 þ (C6þC5) 
8/2. Cortisol stress reactivity was calculated by saving the
standardized residual scores of a regression predicting the
highest peak response concentrations from the lowest base-
line concentrations (de Veld, Riksen-Walraven, & de Weerth,
2012; Schuetze, Lopez, Granger, & Eiden, 2008; Simons et al.,
2017a, 2017b). Total stress cortisol and cortisol stress reactiv-
ity scores were log transformed to increase the normal distri-
bution of the residuals of the regression analyses.
2.3.2.2. Behavioral stress responses: gazing behavior.
Gazing behavior was determined during the second subtest
of the stress test, the animal story task. This subtest was
chosen for the gazing observations because it is most similar
to the Trier Social Stress Test (Kirschbaum, Pirke, &
Hellhammer, 1993), in that the child could move freely (as
opposed to the restrained movement task), and was not
focused on a manual task (as opposed to the tower of cans
task). To observe gazing behavior during this test children
were videotaped while performing, using a camera posi-
tioned above the judge. The videotapes were coded using
Noldus Observer XT (Observer XT, version 11) and a coding
scheme developed to observe behavior during the CREST.
The categories of the gazing behavior coding scheme were
mutually exclusive and hierarchically ordered and included as
many different subcategories as were observable in this con-
text. Subcategories were; looks at judge and experimenter,
looks at experimenter, looks at judge, looks elsewhere
(upwards, downwards, or to the side), eyes closed, and not
visible (see Table 1). Two independent observers coded the
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videos using interval coding, scoring the child’s gaze direc-
tion every two seconds. Observers were master students and
a PhD student who were trained and demonstrated reliability.
Of the 142 videos, 7 could not be scored due to technical
problems at recording. Of the 135 videos that were coded,
inter-rater reliability between the two observers was calcu-
lated over 10 randomly selected videos and was excellent,
Cohen’s k¼ 0.83. To obtain a measure for looking at the
stressor/threat (the evaluating judge), scores for gazing
behavior were calculated by counting the number of inter-
vals in which the child looked at the evaluating judge (sum
of “looks at judge and experimenter” and “looks at judge”)
divided by the total number of intervals (sum of all catego-
ries minus intervals in which gazing behavior could not be
scored: “not visible”). Higher scores on gazing behavior indi-
cated more gazing towards the evaluating judge.
2.3.3. Potential confounders
Child gender (girl¼ 0, boy¼ 1), maternal educational level at
child age 6, and maternal anxiety at child age 6 were
considered potential confounders. Maternal educational level
was mothers’ highest educational level, according to the
Dutch school system, ranging from “primary” (1) to
“university” (8), followed by the option “other”. “Other”
answers (n¼ 5) were recoded into the closest matching
option. Maternal anxiety at child age 6 was measured using
the state subscale of the State-Trait Anxiety Inventory (STAI;
Spielberger, 1983; van der Ploeg et al., 1981; see section
2.3.1.3). Cronbach’s a was 0.93 for this measure at child
age 6.
2.4. Statistical analyses
To investigate associations between maternal distress (pre-
natal and early postnatal) and child stress responses, three
hierarchical regressions were run with total stress cortisol,
cortisol stress reactivity, and gazing behavior as dependent
variables. To reduce the number of predictors in the main
analyses as much as possible, in each regression, only con-
founders that were significantly correlated with the outcome
variable were included first in Step 1 (Tabachnick & Fidell,
2007). Subsequently, the prenatal and early postnatal meas-
ures of maternal distress were added. To investigate how
physiological and behavioral stress responses were associ-
ated, Spearman correlations were calculated (Spearman corre-
lations were used since also non continuous variables were
included in the correlation table (Table 2), e.g. child gender).
3. Results
Descriptive statistics of the untransformed study variables are
presented in Table 3. Spearman correlations are presented in
Table 2. Higher cortisol stress reactivity scores were associ-
ated with less gazing at the judge (Spearman’s rho ¼ -0.17,
p .05). Higher levels of maternal prenatal evening cortisol
were associated with higher total stress cortisol
Table 1. Coding scheme for gazing behavior during the stress test.
Gazing behavior Definition
Looks at judge and
experimenter
Child looks at judge and experimenter at any
moment within two second interval
Looks at experimenter Child looks at experimenter at any moment within
two second interval
Looks at judge Child looks at judge at any moment within two
second interval
Looks elsewhere Child does not look at judge or experimenter at any
moment during the two second interval, but looks
upwards, downwards, or to the side
Eyes closed Child has his/her eyes closed during whole two
second interval
Not visible Eyes are not visible during whole two
second interval
Note. Proportion scores were corrected for the intervals that were “not visible”.
For the statistical analyses, categories “looks at judge and experimenter” and
“looks at judge” were added up to represent the total number of intervals
in which the child looked at the judge.
Table 2. Spearman correlations between all study variables.
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13a. 14a.
Confounders
1. Child gender
2. Maternal educational level –0.02
3. Maternal anxiety, age 6 0.13 –0.01
Predictors
Maternal prenatal
4. Daily hassles –0.20 –0.03 0.11
5. Anxiety 0.08 0.03 0.46 0.23
6. Pregnancy-specific hassles –0.09 0.01 0.34 0.22 0.40
7. Fear of giving birth –0.11 0.09 0.25 0.08 0.40 0.32
8. Fear of bearing a handicapped child –0.10 –0.04 0.07 0.13 0.11 0.20 0.19
9. Diurnal cortisol decline (nmol/L) –0.02 0.02 –0.01 –0.09 –0.10 0.16þ –0.09 –0.19
10. Evening cortisol (nmol/L) –0.05 –0.01 0.13 –0.04 0.03 –0.20 0.05 –0.02 –0.24
Maternal postnatal
11. Anxiety, mean 3 and 6 months 0.01 0.09 0.62 0.17 0.55 0.41 0.38 0.16þ –0.02 –0.01
12. Daily hassles, mean 3 and 6 months –0.15þ 0.04 0.25 0.46 0.23 0.41 0.17 0.15þ 0.03 –0.10 0.34
Outcomes (child)
13.Total stress cortisol (AUC)a –0.04 –0.05 0.17 –0.08 0.02 0.04 –0.10 –0.13 0.01 0.25 0.13 0.03
14. Cortisol stress reactivitya 0.10 –0.12 –0.03 0.07 –0.12 –0.09 –0.10 –0.15þ –0.15 0.25 –0.05 –0.12 0.46
15. Gazing behavior –0.21 0.02 –0.01 –0.08 –0.13 –0.02 –0.09 0.02 –0.01 –0.03 –0.01 –0.01 –0.14 –0.17
Note. AUC = area under the curve (total stress cortisol concentration).
alog transformed.
þp 0.10, p 0.05, p 0.01.
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concentrations (Spearman’s rho¼ 0.25, p .01) and higher
cortisol stress reactivity scores at age 6 (Spearman’s
rho¼ 0.25, p .01). Because girls’ gazing behavior in the dir-
ection of the judge was rated as higher than that of boys
(Spearman’s rho ¼ –0.21, p .01), child gender was included
as a confounder in the regression predicting gazing behavior.
Because maternal anxiety at age 6 was associated with
higher total stress cortisol concentrations at age 6
(Spearman’s rho¼ 0.17, p .05), maternal anxiety at age 6
was included as a confounder in the regression predicting
children’s total stress cortisol concentrations.
Due to missing data, 30 of the 149 children were dropped
out of all three regression analyses. These 30 children did not
differ significantly from the other 119 children in gender,
temperament, maternal age or educational level, or maternal
prenatal or early postnatal distress variables, all p’s > .05.
In the regression analysis predicting total stress cortisol,
Step 1 was not significant, p> .05 (see Table 4). Step 2 had
significant additive value, Fchange (9, 95) ¼ 2.04, p .05,
R2change ¼ 0.16, and the total model at Step 2 also was sig-
nificant, F(10, 95) ¼ 1.92, p< .05, R2 ¼ 0.17 (see Table 4).
Maternal prenatal fear of giving birth, maternal prenatal
evening cortisol concentrations, and maternal feelings of anx-
iety in the first 6 postnatal months of the child’s life were all
uniquely associated with children’s total stress cortisol con-
centrations, after controlling for the other predictors (all p’s
 .05; see Table 4). Higher maternal prenatal fear of giving
birth was associated with lower total stress cortisol at child
age 6. Higher prenatal maternal evening cortisol concentra-
tions and higher maternal feelings of anxiety in the first 6
postnatal months were associated with higher total stress
cortisol concentrations at age 6 (see Table 4).
The regression analysis predicting cortisol stress reactivity
was not significant, p> .05 (see Table 4).
In the regression analysis predicting gazing behavior, Step 1
was significant, F(1, 114) ¼ 5.84, p .05, R2 ¼ 0.05: girls looked
more in the direction of the judge than boys (see Table 4). Step
2 did not have significant additive value and the model at Step
2 was not significant, both p’s > .05 (see Table 4).
4. Discussion
In this study, we investigated whether maternal prenatal and
early postnatal distress were associated with children’s later
hormonal and behavioral stress responses and whether these
stress responses were associated. Results indicated that less
maternal prenatal fear of giving birth, higher maternal pre-
natal evening cortisol, and more maternal early postnatal
anxiety, were all uniquely associated with higher child total
stress cortisol concentrations at age 6, after controlling for
the other variables. Additionally, higher cortisol stress reactiv-
ity was associated with less gazing at the judge during the
social evaluative stress test.
The finding that different aspects of maternal prenatal
and early postnatal distress were associated with total stress
cortisol at age 6 suggests that prenatal and early postnatal
maternal distress, even in healthy, low-risk populations, might
be associated with the development of the offspring’s HPA-
axis. This is in line with programing hypotheses and the idea
that stress early in life is associated with later HPA-axis func-
tioning (e.g. Chaby, 2016; Loman & Gunnar, 2010; Seckl &
Meaney, 2004; Simons et al., 2015).
The direction of the finding that children of mothers with
more prenatal fear of giving birth had lower total cortisol con-
centrations is contrary to the two other associations found in
this study (higher maternal prenatal evening cortisol and more
maternal early postnatal anxiety were both uniquely associated
with higher child total stress cortisol concentrations at age 6)
and is difficult to explain. Not much is known about associa-
tions between specific pregnancy-related anxieties and mater-
nal physiological states and behavior. In this study we found
no evidence for associations between maternal prenatal fear
of giving birth and maternal prenatal cortisol variables. This
may suggest that mechanisms other than cortisol underlie the
association between prenatal fear of giving birth and child
total cortisol concentrations. For example, genetic or epigen-
etic pathways (Meaney, 2010) may explain this association, or
prenatal fear of giving birth may affect maternal lifestyle, such
as diet or exercise (Beijers et al., 2014), in turn possibly affect-
ing fetal conditions and HPA-axis development. However, how
this would explain lower instead of higher total stress cortisol
concentrations in the child 6 years later (i.e. as found for
maternal prenatal evening cortisol and maternal postnatal anx-
iety), remains unknown. Speculatively, maternal prenatal fear
of giving birth may result in maternal behavior that reduces
fetal stress, possibly reducing later child HPA-axis activity.
Alternatively, we cannot exclude that prenatal fear of giving
birth is related to maternal behavior postnatally, and that this
behavior is the factor that affects the child’s developing HPA-
axis. For example, these mothers may socialize emotion and
stress regulation of their child differently from mothers with
less prenatal fear of giving birth. Moreover, other research on
the associations between maternal prenatal fear of giving birth
and children’s HPA-axis functioning did not find associations
Table 3. Descriptive statistics of all study variables.
N M SD Min Max
Confounders
Child gender (% girls) 149 47.0%
Maternal educational level 144 6.76 1.39 3.00 8.00
Maternal anxiety, age 6 143 30.95 8.43 20.00 68.00
Predictors
Maternal Prenatal
Daily hassles 136 1.14 0.44 0.00 2.54
Anxiety 136 32.02 8.93 20.00 64.00
Pregnancy-specific hassles 136 0.32 0.22 0.00 1.43
Fear of giving birth 136 5.45 2.58 3.00 15.00
Fear of bearing a handicapped child 136 9.13 3.37 4.00 20.00
Diurnal cortisol decline (nmol/L) 119 6.75 4.50 2.80 24.00
Evening cortisol (nmol/L) 125 9.72 3.73 0.85 37.00
Maternal Postnatal
Anxiety, mean 3 and 6 months 149 28.80 6.59 20.00 59.50
Daily hassles, mean 3 and 6 months 149 1.15 0.38 0.00 2.28
Outcomes (child)
Total stress cortisol (AUC) 134 375.80 169.48 73.80 1474.50
Cortisol stress reactivitya 142 0.00 1.00 1.77 5.15
Gazing behavior 142 0.28 0.12 0.01 0.50
Note. AUC = area under the curve (total stress cortisol concentration).
aDue to the operationalization of reactivity as standardized residuals the mean
of this variable is 0.00 and the SD is 1.00.
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between both factors (Gutteling, de Weerth, & Buitelaar, 2004;
Simons et al., 2015; Tollenaar et al., 2011). Future research on
maternal prenatal and pregnancy-related stress and anxiety,
lifestyle, physiology, and child outcomes is needed to shed
more light on this topic.
The positive association between maternal late pregnancy
evening cortisol and child total stress cortisol may be
explained by several mechanisms. Maternal cortisol may
affect the developing fetal HPA-axis by stimulating fetal corti-
sol production (Zijlmans et al., 2015) or by reducing placental
blood flow, hence stressing the fetus (e.g. Huizink, Mulder, &
Buitelaar, 2004). Additionally, maternal cortisol may affect the
fetus indirectly. For example, due to stress maternal sleep
may be disturbed, affecting maternal metabolic and inflam-
matory systems (see Beijers et al., 2014), potentially affecting
fetal development.
The positive association between early postnatal maternal
anxiety and total stress cortisol of 6-year-olds is in line with
earlier studies indicating associations between early postnatal
maternal distress and child HPA-axis functioning, after con-
troling for prenatal maternal distress (Simons et al., 2015;
Tollenaar et al., 2011) and may be explained by lower quality
caregiving affecting the infant’s developing HPA-axis. This is
in line with research indicating that mothers with an anxiety
disorder are less sensitive and more intrusive and have 9-
month-olds with higher cortisol stress responses (Feldman
et al., 2009). An anxious mother may herself be a source of
stress for the child due to lower quality care (Loman &
Gunnar, 2010), but also, an anxious mother may be less able
to buffer her child from environmental stress. Alternatively,
heightened stressfulness in the shared mother–child environ-
ment may (partly) explain this association.
Table 4. Results from regressions predicting total stress cortisol, cortisol stress reactivity, and gazing behavior from prenatal and early postnatal mater-
nal distress.
Model 1 Model 2
B ß B ß
Total stress cortisola
Step 1
Anxiety, 6 years <0.01 0.08 <–0.01 –0.18
Step 2
Daily hassles, prenatal 0.01 0.02
Anxiety, prenatal <–0.01 –0.03
Pregnancy-specific hassles, prenatal 0.06 0.07
Fear of giving birth, prenatal –0.02 –0.26
Fear of bearing a handicapped child, prenatal <–0.01 –0.07
Diurnal cortisol decline (nmol/L), prenatal <0.01 0.01
Evening cortisol (nmol/L), prenatal 0.01 0.23
Anxiety, mean 3 and 6 months 0.01 0.44
Daily hassles, mean 3 and 6 months 0.02 0.05
R2change 0.01 0.16
R2model 0.01 0.17
Cortisol stress reactivitya
Daily hassles, prenatal 0.09 0.20þ
Anxiety, prenatal <–0.01 –0.07
Pregnancy-specific hassles, prenatal 0.04 0.04
Fear of giving birth, prenatal –0.02 –0.23
Fear of bearing a handicapped child, prenatal <–0.01 –0.08
Diurnal cortisol decline (nmol/L), prenatal <–0.01 –0.07
Evening cortisol (nmol/L), prenatal 0.01 0.18þ
Anxiety, mean 3 and 6 months <0.01 0.15
Daily hassles, mean 3 and 6 months –0.07 –0.16
R2change 0.12
R2model 0.12
Gazing behavior
Step 1
Child gender –0.05 –0.22 –0.05 –0.21
Step 2
Daily hassles, prenatal <–0.01 <–0.01
Anxiety, prenatal <–0.01 –0.22þ
Pregnancy-specific hassles, prenatal 0.04 0.06
Fear of giving birth, prenatal <0.01 0.03
Fear of bearing a handicapped child, prenatal <0.01 <0.01
Diurnal cortisol decline (nmol/L), prenatal <0.01 <0.01
Evening cortisol (nmol/L), prenatal <0.01 0.01
Anxiety, mean 3 and 6 months <0.01 0.16
Daily hassles, mean 3 and 6 months –0.01 –0.04
R2change 0.05 0.04
R2model 0.05 0.09
Note. No outliers were removed because Cook’s distances indicated no potentially influential data points.
alog transformed.
þp 0.10, p 0.05, p 0.01.
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The regressions did not support associations between
maternal prenatal and/or postnatal distress and children’s
gazing and cortisol reactivity to the CREST. This may suggest
that 6-year-old’s gazing and cortisol reactivity during stress
are independent of maternal prenatal and early postnatal dis-
tress. However, study characteristics also may explain these
findings. For example, in our stress test protocol the judge
provided the children with visual feedback on their perform-
ance; this may have constrained spontaneous gazing behav-
ior and may have affected the stressfulness of the situation.
Additionally, another type of stressor (e.g. a physical stressor)
may have produced different patterns of reactions in the
child as well as different links with stress early in the child’s
life. Finally, although previous research suggests that the
(early life) environment is linked to later HPA-axis functioning
(e.g. Loman & Gunnar, 2010), these links may be particularly
salient in children experiencing more severe environmental
stress than the children in our middle class sample.
Although weak, the negative association between looking
at the judge and cortisol reactivity scores is in line with a
negative association between cortisol reactivity and gazing
towards an interaction partner during a social challenge in 6-
to 17-year-olds (Hessl, Glaser, Dyer, Friedman, & Reiss, 2006).
However, it is not in line with associations between larger
increments of cortisol and more eye contact in adolescents
during a social challenge (Sgoifo et al., 2003) and research in
10-year-olds showing no direct link between gaze aversion
and cortisol reactivity (de Veld et al., 2014). The differences
may be explained by differences in age or the stressors that
were used: a judge providing visual feedback in this study,
and looking at an interaction partner or at two judges pro-
viding vocal feedback, in the other studies. This variation in
study designs and results makes this area of research into
child behavioral and physiological stress reactivity one in
which much more research of a comprehensive and longitu-
dinal nature is needed before we can draw conclusions.
The negative association between gazing and cortisol
stress reactivity scores in our study may suggest that keeping
an eye on the judge is associated with lower cortisol stress
reactivity. Children may have used gazing towards the infor-
mation-providing judge in combination with cognitive strat-
egies to reduce physiological arousal. This combination may
have increased feelings of control, hence reducing uncon-
trollability and physiological responses (Dickerson & Kemeny,
2004). However, since false feedback was provided, uncon-
trollability probably kept playing a role. And given the correl-
ational design, directions may be reversed: experiencing the
situation physiologically as less stressful may result in more
(relaxed) gazing at the judge. Or other factors, such as shy-
ness, may have played a role. More observational research in
combination with experimental designs is needed to clarify if
children use gazing behavior to deal with physiological stress
as well as to be able to draw conclusions regarding the inter-
pretation of the observed types of gazing behavior.
Experimental studies of behavior under stress, for example
by training children to look more or less at the judge, may
clarify the potential regulatory functions of gazing behavior.
That no association between gazing and total stress corti-
sol was found may be because gazing behavior, just as
cortisol reactivity, reflects the reaction to the stressful part of
the test, while total stress cortisol represents cortisol secre-
tion during the entire protocol (i.e. including cortisol before
and after the stressor).
4.1. Strengths and limitations
Strengths of this study are the relatively large longitudinal
sample, the combination of physiological, behavioral, and
psychological measures, the use of maternal saliva cortisol
and self-report measures collected prenatally, and the use of
an innovative effective stress test for 6-year-olds. However,
the study is limited in generalizability because the sample
was primarily middle class. Additionally, the use of a specific
(social evaluative) stressor limits generalizability to other
stressful situations, and because the study was not genetic-
ally informed, genetic or epigenetic (Meaney, 2010) transfer-
ence cannot be ruled out. Also, the correlational design
precludes causal conclusions, statistical power was reduced
by missing data, and the effect sizes found were generally
small. Finally, next to the confounders that we controlled for,
other maternal confounding factors may have played a role
(such as smoking, substance use, depression, gestational age,
nutrition, or socioeconomic factors aside from education).
4.2. Future research
To increase generalizability and translational value, links
between stress early in life and children’s stress responses as
well as between physiological and behavioral stress
responses should be studied in various contexts and environ-
ments. Moreover, to broaden the scope of knowledge, includ-
ing factors that may be associated with child stress
responses, such as social anxiety, or internalizing symptoms
would be important, as well as studying the links with stress
responses to various (repeated) ecologically valid stressors.
Finally, although the last trimester of pregnancy is one of the
most important periods for predicting later child HPA-axis
functioning, the first trimester also seems of large impact
(Koss & Gunnar, 2018). Including prenatal distress measures
during various periods of pregnancy will increase our under-
standing on the role of maternal distress through-
out pregnancy.
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